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Summary.-The post-natal development of " natural " resistance of Balb/c mice
to the challenge of syngeneic tumours was studied using injections of various doses
of live neoplastic cells into untreated animals of increasing age, from neonatal to
12 weeks.
The minimum quantity of neoplastic cells capable of inducing tumours increased
in parallel with the age ofthe animals. Immunodepression with whole bodyirradia-
tion with X-rays reduced the resistance offered by adult mice to tumour challenge
to that of the neonate. The relationship of the increase in resistance to tumour
challenge with the development of the animals' own immune response during the
course of post-natal growth is discussed.
THE development and multiplication
of neoplastic cells in a syngeneic host
may be considered as the result of two
main factors: one pertaining to the
transformed cells, i.e. malignancy, and
the other pertaining to the host, i.e.
resistance. In many cases it is possible
to demonstrate a state ofresistance of an
immunological nature against the tumour
itself in the affected organism (Sjogren,
Hellstrom and Klein, 1961; Morton, 1971;
McKhann and Jagarlamoody, 1971;
Burnet, 1970; Good, 1971). However,
although the possibility of inducing or
increasing the immunological resistance
of the organism to the development
of transformed cells by various tech-
niqueshasbeenamplystudied,theeffective
operational value of the normal reac-
tivity of the syngeneic, nonimmunized
organism appears very much less well
documented.
The aim of the present investigation
was to determine whether a resistance to
the growth of transplantable syngeneic
tumour cells exists in non-immunized
animals, and whether the acquisition of
such a resistance can be correlated with
the development of an immune response
in the host during post-natal growth.
MATERIALS AND METHODS
Animals.-Brother-sister mated inbred
Balb/c mice maintained in the animal house
of the Institute of Microbiology were used.
This strain originated from the Balb/c
colony bredintheAnimal Production Branch,
Division of Research services, National
Institute of Health, U.S.A. The groups
of neonate mice, 10-20 hours old, were
formed by fostering randomized littermates
to the various mothers, and groups of older
mice of equal age were made using male
mice whose weight range was 20-22 g.
Tumours.-Two different syngeneic tu-
mours wereused. Asecretory plasmocytoma
IgA (MOPC-460), which was chemically
induced in the N.I.H. Balb/c strain (Potter,
1967), and an adenocarcinoma (ADK-lt)
which arose spontaneously in the Balb/c
colony of the Institute of Microbiology and
was maintained for 7 generations before use
in the experiments reported. The mice
were given subcutaneous injections of 0 5 ml
of a suspension in Eagle-MEM of different
numbers of tumour cells obtained by teasing.
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FIG. 1. Serum titre of Balb/c mice of different ages inoculated intraperitoneally with 1 x 108 sheep
red cells, determined 6 days after inoculation. Titre of haemolysin (Q) and ofhaemagglutinin (A)
in normal mice; titre of haemolysin (0) and of haemagglutinin (A) in mice given 500 ra(d whole
body irradiation and inoculated 5 days post-irradiation. Vertical bar = ± standard (leviation.
by the exclusion of Trypan blue under the
conditions described by Takahashi, Old and
Boyse (1970). The animals with palpable
tumours were sacrificed at intervals of 20
days and the tumours excised and weighed.
During the experiments reported, 3 suc-
cessive generations ofboth tumours were used
in all.
Immunodepression.-Twenty - nine male
Balb/c mice aged 12 weeks were immuno-
depressed by means ofwhole body irradiation
with 500 rad, a dose which greatly reduces
the immunological responses both of the
humoral and of the cellular systems (Talia-
ferro, Taliaferro and Jaroslow, 1964). The
radiation conditions were 250 kV, 15 mA,
3 mm of Al filter, 80 cm target-object
distance, and a dose rate of 100 rad/min as
described by Makinodan, Gengozian and
Congdon (1956).
Two groups of mice, the one neonate
aged between 10 and 20 hours and the other
12 weeks old, were used to compare with
the immunological reactivity ofthe irradiated
mice by measuring, by means of the Micro-
titre apparatus, the haemolytic and haemag-
glutination titres of serum collected 6 days
after endoperitoneal inoculation of 108 sheep
red cells (SRBC) in saline. The reciprocal
of the highest dilution of serum giving a
definite haemolytic or agglutination reaction
was defined as the serum titre, which was
expressed as log2 of titre (Fig. 1).
Statistical analysis.-The influence of the
host on the development of the neoplasm
was evaluated in terms of both differences
in tumour incidence and of tumour size in
the animals of the various groups. For the
statistical comparison of tumour growth,
Student's " t " test was applied.
RESULTS
Incidence of tumours in mice of different
ages
Groups of mice (20 animals per group,
aged 12 weeks, 4 weeks and neonates ofG. FORNI AND P. M. COMOGLIO
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Fi(=,. 2.--Incid(ence of ttumours in mice of different ages inoculated with equal doses of cells of
M1OPC-460. The age of the animals refers to the day of the inoculation. The data relate to
groups of 20 animals. With doses less than 1 x 103 no tumours were foun(lduring the whole
period of the experiment. Animals inoculate(d at age 10-20 hours (0), 4 weeks (-), and(I 12
weeks (A).
10-20 hours) were inoculated with 1 x 106,
5 x 105, 1 x 105, 5 x 104, 1 x 104,
5 x 103, 1 X 103 and 5 x 102 live cells
of MOPC-460.
Fig. 2 shows the behaviour of the
3 groups of mice inoculated with equal
quantities of transformed cells. Doses
of 1 x 106 or more induced 1]0000 of
tumours in animals in all the groups
independent of the age of the animals.
WAith 5 x 105 cells the percentage inci-
dence of tumours was also 10000, but the
time necessary for the appearance of the
tumour mass was doubled. With a reduc-
tion of the dose to 1 x 105 cells, the
tumour incidence in the groups of 12-week
old mice was not more than 60%, but
that in the groups aged 4 weeks and of
10-20 hour neonates was still 10000.
The only difference between the latter
two groups was a slower appearance ofthe
tumour mass in the 4-week old mice.
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FIG. 3.-Incidence of tumours in mice of different ages inoculated with 5 x 105 cells ADK-lt. The
age of the animals refers to the day of inoculation. The data relate to groups of 20 animals.
Animals inoculated at ages of 10-20 hours (X), 4 weeks (A), 8 weeks (A) and 12 weeks (0).
TABLE I.-Weight of Tumour Developed in 10-20 Hours Old (NB) and in 12 Weeks Old
(12 W) Syngeneic Recipients Given Single Inoculations of Cell Suspensions of
MOPC-460
Number of cells
inoculated
1 X 106
5x 105
1 x 105
5x 104
1 X 104
5x 103
1 x 103
Number of mice
bearing tumours
NB 20/20
12 W 20/20
NB 20/20
12 W 20/20
NB 12/20
12 W 4/20
NB 6/20
12 W 8/20
NB 17/20
12 W 0/20
NB 4/20
12 W 0/20
NB 2/20
12 W 0/20
NB 0/20
12 W 0/20
Average weight of the tumour mass
in mg±standard deviation
2850*+ 250
2960*i290
1900*± 180
930*i 95
1183*± 100
294*i 20
1300ti120
328t± 24
920t+ 60
70t+ 10
160t± 11
100t± 8
t = Not significant
t=24-58 P<0-001
t=16-9 P<0-001
t=21-8 P<0*001
t=27-2 P<0*001
All the mice with palpable tumours were sacrificed at intervals of 20 days. * Mice sacrificed after 20 days.
t Mice sacrificed 40 days after inoculation.
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Fic.. 4.--Ratio of tumouir dleveloped in newborn and adult mice after inoculation of increasing doses
of MOPC-460 cells. The vertical axis represents the ratio of the weight, of tumours developed in
mice injecte(l neonatally to the weight of tumours developed in mice injected at 12 weeks of age.
The data relate to equal periods of time for neonates and adults, but differ with respect to the
(loses of cells inoculated. Almost, idlentical valuies were obtaine(d with ADK-It.
With doses of 5 x 104 cells there was
a clear difference between the percentage
incidence in the mice of the various
groups: 100 days after the inoculation of
the tumour cells only 200o of the adults
had developed tumours, as against 60%
of 4-week old mice and 85% ofthe neonate
mice. Doses of 1 x 104 and of 5 x 103
cells induced the development of tumours
in only 20% and 100/0 respectively of the
neonate mice.
The same experiment repeated with
the adenocarcinoma ADK-lt gave com-
pletely analogous results. A significant
experiment is reported in Fig. 3. Four
groups of mice of different ages were
inoculated with 5 x 105 live cells of
ADK-lt. With this dose of cells, 9000
of the neonate mice developed tumours
within 100 days whereas 80% of the
adult mice remained unaffected.
Proliferation of the inoculated cells in hosts
of different ages
To evaluate the speed of growth of
the tumour masses in adult and neonate
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recipients, the mice affected with palpable
tumours were sacrificed at intervals of
20 days after inoculation and the tumours
were excised and weighed.
The behaviour of MOPC-460 in 12-
week old animals and in neonates is
reported in Table I. Doses of 1 x 106
neoplastic cells gave rise to tumours of
the same weight whether inoculated into
12-week old hosts or 10-20 hour neonates.
The inoculation of 5 x 105 neoplastic
cells or less induced significantly smaller
tumour masses in the same time interval,
in 12-week old animals, than those in
neonate animals.
The difference in weight of the tumour
mass developed in neonate hosts and in
12-week old animals increased progres-
sively with the diminution of the dose
of the initial inoculum. The curve of
Fig. 4 shows the relation between the
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tumour mass developed after injection
of the same quantity of neoplastic cells
in mice 10-20 hours old and 12 weeks
old, and this relationship tends to increase
according to an exponential function.
Effect of immunosuppression on the
development of tumours
To determine whether the varied
behaviour of the hosts towards the trans-
formed cells inoculated into animals of
different ages was correlated directly
with differences in immunological reac-
tivity, the pattern ofgrowth ofMOPC-460
in neonate animals was compared with
the growth in 12-week old mice immuno-
depressed by whole body irradiation.
The immunosuppressive effect of the
whole body irradiation was determined
by evaluating the antibody response to
sheep red cells in the irradiated animals.
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FIG. 5. Incidence of tumours in 12-week old mice given 500 rad whole body irradiation ( 0), in mice
10-20 hours old (A) and in non-treatecl mice 12 weeks old (-), after inoculation of 5 x 104 live
cells of MOPC-460. The age of the animals refers to the day of inoculation. The data relate to
grouips of 20 or more animals.G. FORNI AND P. M. COMOGLIO
TABLE II.-Weight ofTumour Developed in Whole Body Irradiated and
Normal Mice Inoculated with 5 x 104 Cells of MOPC-460
Mouse groupt
10-20 hours old
12 weeks old whole
body-irradiated
12 weeks old normal
Number of mice
bearing tumours
17/20
17/20
4/20
Average weight of tumour mass
in mg±standard deviation*
870±71
910±50
65±10
t=1 6 Not significant
t=26-1 P<0*001
* = Mice sacrificed 40 days after inoculation.
t = Age of animals refers to day of inoculation.
The serum titres obtained 6 days after
the inoculation are reported in Fig. 1;
the sera of immunodepressed animals
always showed an extremely low antibody
titre.
Twenty Balb/c whole-body irradiated
mice, 12 weeks old, 20 Balb/c neonates,
and a control of 20 Balb/c mice, 12 weeks
old, were inoculated with 5 x 104 cells
of MOPC-460. The results obtained are
reported in Fig. 5. It can be seen that
an almost analogous result was obtained
in the neonate animals and in the irradi-
ated mice: in both these groups an
incidence of 80% of tumour-bearing
animals was obtained, a value 4 times
greater than that obtained in unirradiated
control adults.
The neoplastic mass present in the
irradiated animals and in neonates was
almost identical, and 10 times greater in
weight than the tumours in adult normal
recipients (Table II).
DISCUSSION
The data reported above show that
the age of the host influences the inci-
dence and the speed of growth of trans-
plantable syngeneic tumours.
The quantity oftumour cells necessary
to induce neoplasia increases progressively
with the age of the host, and furthermore
the neoplastic mass grows more slowly
in 12-week old hosts than in newborn
animals.
This statement is true only in a narrow
numerical range of transplanted cells;
with smaller quantities ofcells the tumour
mass which develops in adult animals is
constantly of smaller dimensions than
that which develops in neonates. If the
dose of the inoculum is progressively
decreased, values are reached at which
it is possible to assess the development
of tumours only in neonate animals.
On the other hand, with larger doses of
cells (from 1 x 106 upwards) it is no
longer possible to demonstrate any differ-
ence between the animals 12 weeks old
and the neonates either in the percentage
of animals bearing tumours in the time
following inoculation or in the time
of appearance of the tumours. Further,
the mass of tumour which developed in
the same time interval in animals of
different ages is the same. It follows
therefore that with large doses of trans-
planted cells the factors pertaining to
the host play an almost irrelevant role
in the control ofthe growth ofthe tumour.
Statistical analysis ofthe relation between
the mass of tumour developed in neonate
mice and that developed in 12-week old
animals showed that this relationship
increased with the decrease of the dose
according to an exponential function.
The course of this curve indicates that
the effectiveness of the resistance of
12-week old hosts (with respect to the
resistance of a relatively inert host such
as the neonate) is inversely proportional
to the number of transformed cells
inoculated.
The natural resistance (i.e., not in-
duced by previous immunosuppression)
of the host to the development of trans-
plantable neoplasms has thus a real
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value only between well-defined limits.
Above these limits, the effectiveness of
the natural resistance is progressively
reduced or is effectively abolished when
high doses of transformed cells are
inoculated. The resistance of hosts of
different ages to the growth of trans-
plantable tumours presents a notable
parallelism with the course of immuno-
logical reactivity during post-natal deve-
lopment; this may be related to the fact
that the effectiveness of cell mediated
immunity towards cellular antigens also
increases during the first 10 weeks of
life (Adler, Takiguchi and Smith, 1971).
In effect, the resistance to transplantable
tumours shown by 12-week old whole
body irradiated animals, in which the
immunological response is almost abol-
ished, is identical to that observed in
neonate animals.
These correlations strongly suggest
that the resistance offered by non-
immunized adult animals is ofan immuno-
logical nature.
The type of resistance to the growth
ofsyngeneic transplantable tumours which
has been observed in non-immunized
animals has the same characteristics as
the resistance which it is possible to
induce in experimental animals which
have been hyperimmunized with inactiv-
ated neoplastic cells or with antigens from
their extracts (Klein et al., 1960; Plescia
and Braun, 1970). In both these cases,
in fact, the effectiveness of the resistance
which is obtained is limited by a threshold
represented by the number oftransplanted
cells. In the hyperimmunized animals,
the threshold is higher than in non-
immunized animals, and similarly, this
normally occurring threshold is raised
in the course of post-natal development
with the progressive acquisition of an
effective immuno-competent system.
This work was supported by a research
contract with the Italian National Re-
search Council (C.N.R.).
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